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Résumé 
 
Contexte et objectifs 
 
Les traitements antirétroviraux ont évolué, influant sur la lipodystrophie. Une 
association avec l’utilisation d’un traitement spécifique a été recherchée chez les 
patients faisant partis de la SHCS. 
 
Méthodes 
 
Le type de traitement, les raisons de changements et la présence d’accumulation de 
graisse ou la perte de graisse ont été analysés. La prise de poids a été défini comme 
prise >=5kg. 
 
Résultats 
 
De 2003 à 2006, l’utilisation de Stavudine diminue. 
La prévalence de la lipoystrophie diminue, tandis que l’incidence annuelle de prise 
de poids de plus de 5kg demeure stable. L’analyse de régression logistique montre 
que les patients ayant pris du poids, sont préférentiellement sous traitement de 
Lopinavir ou Atazanavir. 
 
Conclusion 
 
Depuis 2003, les changements de traitement mettant en cause la lipodystrophie 
deviennent de plus en plus rares. Une association de l’utilisation d’Atazanavir et de 
Lopinavir avec un gain de poids de plus de 5 kg semble exister. 
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Introduction (version française) 
Traitement antirétroviraux : HAART 
Les traitements antirétroviraux ont complètement changé la prise en charge des 
maladies liées au HIV dans les pays développés [1]. Aujourd’hui, la suppression 
complète de la réplication du virus HIV est devenue un but qui peut être atteint par la 
plupart des patients. Depuis 1996, une combinaison de trois médicaments 
antirétroviraux est devenue le traitement standard dans la prise en charge des 
patients souffrant de HIV. Cette trithérapie est composé, le plus souvent, de 2 
inhibiteurs de transcriptase reverse nucléosidique (NRTI ; nucleosidic 
retrotranscriptase inhibitor) et d’un inhibiteur de protéase (PI : protease inhibitor) ou 
d’un inhibiteur de la transcriptase reverse non nucléosidique (NNRTI : non 
nuceosidic retrotranscriptase inhibitor). 
Cependant, comme tous les médicaments, les antirétroviraux connaissent aussi des 
effets indésirables. Les patients sous traitement de trithérapie depuis une longue 
période développent de nouveaux effets secondaires, en particulier une toxicité 
mitochondriale, une perturbation du métabolisme du glucose et des anormalités 
lipidiques [2 ;4]. Ces nouveaux effets secondaires ont un impact considérable sur 
l’observance thérapeutique des patients. Afin de limiter l’exposition aux 
médicaments, de nouvelles stratégies de traitement, telle la stimulation de la 
réponse immune par auto-immunisation, l’interruption de traitement programmée ou 
encore le traitement à base d’une seule drogue active sont mises à l’épreuve.  
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Lipodystrophie : généralités 
Un des effets secondaires observé par le patient lui-même est un changement de 
son aspect corporel, plus connu sous le nom de « syndrome lipodystrophique ». Ce 
syndrome est caractérisé par un déficit complet ou partiel de tissu adipeux, appelé 
lipoatrophie ou au contraire, un gain apparent de tissu graisseux, ainsi on parlera 
alors de lipohypertrophie [3-4]. 
L’un des principaux effet de la lipodystrophie est qu’il affecte le tissu graisseux sous-
cutané au niveau périphérique et central [4]. De nombreuses études ont essayé de 
préciser le syndrome lipodystrophique. Utilisant divers critères, les études ont 
recherché les facteurs de risques tel la durée de traitement ou bien encore le type de 
traitement associé. Malgré les efforts fournis ces dernières années, une définition 
précise et complète fait encore défaut. 
L’étude réalisée à Dallas en 2005 [5] a comparé les changements de répartition de 
graisse corporelle chez 13 hommes souffrant de lipodystrophie sévère sous 
traitement antirétroviral. Ils utilisèrent le suivi des mesures anthropométriques 
obtenues par IRM (imagerie à rayonnance magnétique), mais aussi par DEXA (dual 
X-ray absorptiometry), méthode servant à mesurer la densité minérale osseuse dans 
différentes zones du corps par une analyse de l’absorption de rayons X de deux 
longueurs d’ondes différentes. Le DEXA permet ainsi de déterminer la composition 
du corps et le taux de substance minérale des os de différentes régions du 
squelette. Ils conclurent que l’IRM et le DEXA  représentait le meilleur outil 
diagnostique pour la reconnaissance du syndrome lipodystrophique [3-4] et de son 
suivi. En pratique courante, l’approche clinique par observation morphologique et 
mesure anthropométrique : mesure de la taille, du tour de hanches et leur rapport, 
ainsi que la prise de poids demeurent la norme. Dès lors, une perte de graisse sur la 
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face, les membres et les fesses est reconnue comme signe de lipoatrophie, tandis 
qu’une accumulation de graisse prépondérant à la ceinture abdominal, la poitrine et 
la nuque (buffalo hump) est signe de lipohypertrophie [4]. Tous ces renseignements 
concourent à l’élaboration du diagnostic et à la prise en charge du syndrome et de 
son suivi.  
 
Recherches et études 
Le syndrome lipodystrophique apparut peu après l’introduction de HAART (high 
active antiretroviral therapy) comprenant à l’époque l’association de 2 NRTI et 1 PI. 
Les PIs, introduits plus récemment, furent tout d’abord suspectés comme cause de 
lipodystrophie [6-8]. Cependant, avec la trithérapie, la difficulté de différencier les 
effets de plusieurs médicaments donnés en même temps représentait un défi, au 
même titre que la nécessité de distinguer la lipoatrophie de la lipohypertrophie, deux 
termes encore regroupés sous la définition commune de lipodystrophie. Ces 
différents exemples d’études nous montrent la complexité de la tâche. 
Une étude conduite dans une cohorte en Italie, incluant 1480 patients HIV a montré 
que le risque de lipodystrophie était associé à la durée de traitement, au traitement 
par PI comprenant du Ritonavir (drogue utilisée pour « booster » le PI, normalement 
Lopinavir ou Atazanavir) et finalement, à la Stavudine (NRTI) [9].  
L’association avec la Stavudine a été clairement démontrée en 2002 et en 2005 par 
deux études réalisées dans la SHCS (Swiss HIV Cohort Study), sans toutefois 
départager le rôle des PI et des NNRTI dans le risque de développer un syndrome 
lipodystrophique [10-11]. 
Plus récemment, deux études présentées à la 14ème Conférence sur les rétrovirus et 
les Infections Opportunistes (CROI 2007), ont montré que le risque de lipodystrophie 
 7
était minime pour les patients sous Lopinavir (PI) seul (sans NNRTI) [12-13]. Et pour 
finir, en 2005, les résultats d’une étude comparative multinationale, randomisée en 
double aveugle a suggéré qu’il n’y avait aucune différence significative entre 
Atazanavir et Efavirenz [14].  
L’Atazanavir (PI), introduit en trithérapie en 2003, fut source de grands espoirs pour 
diminuer l’incidence de la lipodystrophie et la perturbation des lipides dans la plupart 
des cas concomitants au syndrome lipodystrophique [15]. Malgré ces notes 
encourageantes, nous trouvons dans la littérature quelques cas rapportant un rôle 
potentiel de l’Atazanavir dans la lipodystrophie, plus particulièrement la 
lipohypertrophie [16].  
 
Swiss HIV Cohort Study 
La cohorte suisse regroupe les données de plus de 14000 patients HIV depuis les 
années 80, basées sur les informations recrutées dans 9 centres répartis dans tout 
la Suisse selon un protocole standardisé. Les données, toutes anonymes, couvrent 
de champs divers tel que des variables démographiques, sociales, de laboratoires, 
cliniques [17]. Ces données sont collectées à chaque visite clinique, tous les 6 mois. 
Il est dès lors évident que la base de données de la SHCS représente une source 
riche en informations, permettant la conduite de nombreuses et larges études. 
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Présentation de l’étude 
En réalisant cette étude, nous voulions demeurer proches de la clinique et de ces 
contraintes diagnostiques, raison pour laquelle nous avons utilisé la base de 
données de la SHCS qui nous a permis par la même occasion d’avoir accès à un 
échantillon de patients beaucoup plus large et plus riche en information.  
Nous nous sommes intéressés aux paramètres anthropométriques réalisées lors des 
visites cliniques de cohorte telle que la mesure du tour de hanche, la taille, et le 
poids, de l’observation clinique déterminant dans la reconnaissance d’un syndrome 
lipodystrophique. 
Notre étude a donc tenté d’analyser la corrélation des données de la SHCS avec la 
prise de HAART. Nous nous sommes concentrés sur la période entre 2003 à 2006, 
période coïncidant avec l’introduction de l’Atazanavir dans le marché, drogue 
supposée être en lien avec le syndrome et la diminution de prescription de 
Stavudine, pour qui l’association est déjà bien connue.  
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Résumé en français 
 
Contexte et objectifs 
 
Les traitements antirétroviraux sont en train d’évoluer, influant sur la lipodystrophie.  
En exemple, l’espoir mis dans la diminution de l’utilisation de Stavudine dans la prise 
en charge afin de diminuer l’incidence de la lipoatrophie, ou alors l’augmentation de 
prescription de médicaments de type inhibiteur des protéases qui, comme suspecté, 
pourrait engendrer plus de lipohypertrophie et de prise de poids chez les patients 
HIV. Nous avons relevés la fréquence de la lipodystrophie diagnostiquée par les 
cliniciens, lors des visites de la cohorte suisse HIV, ainsi que les changements de 
poids pour la période comprise entre 2003 et 2006. Une association avec l’utilisation 
d’un traitement spécifique a été recherchée chez les patients faisant partis de la 
SHCS et qui présentaient ces probables effets secondaires. 
 
Matériels et Méthodes 
 
La Swiss HIV Cohort compte plus de 14000 patients, dont 4000 étaient sous 
traitement HAART et suivis tous les 6 mois par un clinicien de la cohorte. Le type de 
traitement, les raisons de changements et la présence d’accumulation de graisse ou 
la perte de graisse sont enregistrés à chaque visite de cohorte. Nous avons 
sélectionné les patients avec un indice de masse corporel > 20 pour les hommes et 
> 18 pour les femmes. Dans notre échantillon présélectionné, nous avons identifié 
les patients qui avaient pris plus de 5 kg en plus de 6 mois, afin de les comparés à 
ceux qui n’avaient pas pris plus de 5kg dans le même intervalle de temps. 
 
Résultats 
 
De 2003 à 2006, le pourcentage of patients traités par Stavudine a diminué de 14% 
à 3.6%,  Didanosine de 18.8% à 10.7%, Lopinavir demeurait stable (22%), ainsi que 
Névirapine (11%), Efavirenz (32%), tandis que Atazanavir progressait de 2.9% à 
21.5%, Ténofovir (20.3% à 42.5%) et Emtricitabine, introduit récemment, se situe à 
8.2% en 2006.   
Des 36150 visites de cohorte enregistrées entre 2003 et 2006, 11036 (30.5%) 
étaient marquées par un changement ou un arrêt de traitement, 542 visites (1.5%) 
étaient associées à un changement ou un arrêt de traitement pour cause de 
lipoystrophie. La prévalence d’arrêt ou de changement de traitement pour cause de 
lipoystrophie diminue de 2.2% à 0.94% entre 2000 et 2006 (p trend <0.01), tandis 
que l’incidence annuelle de prise de poids de plus de 5kg demeure stable (7%). 
Entre 2003 et 2006, pour chaque année, les patients ayant expérimentés un gain de 
poids de plus de 5 kg, étaient préférentiellement sous traitement de Lopinavir ou 
Atazanavir par rapport aux patients qui n’avaient pas pris un tel poids (p<0.001). 
Dans une analyse de régression logistique multivariée, des 10 médicaments les plus 
usités en 2006, Atazanavir et Lopinavir étaient associées à un gain de poids de plus 
de 5kg (OR 1.3, 95% IC 1.2-1.5 pour les deux, p<0.01). 
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Conclusion 
 
Depuis 2003, les changements de traitement mettant en cause la lipodystrophie 
deviennent de plus en plus rares. Une association de l’utilisation d’Atazanavir et de 
Lopinavir avec un gain de poids de plus de 5 kg semble exister. 
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Abstract:
Background and Objectives 
Combination antiretroviral therapy (cART) is changing, and this may impact on type 
and occurrence of side effects.  We examined the frequency of lipodystrophy and 
weight changes in relation to the use of specific drugs in the Swiss HIV Cohort Study 
(SHCS). 
Methods 
In the SHCS patients are followed twice a year and scored by the treating physician 
for "fat accumulation", "fat loss", or neither.  Treatments, and reasons for change 
thereof, are recorded.  Our study sample included all patients treated with cART 
between 2003 and 2006 and in addition, all patients who started cART between 2000 
and 2003.   
Results 
From 2003 to 2006, the percentage of patients taking stavudine, didanosine and 
nelfinavir decreased, remained stable for lopinavir, nevirapine, and efavirenz and 
increased for atazanavir and tenofovir, by 18.7% and 22.2%, respectively.  
In life-table Kaplan-Meyer analysis, patients starting cART in 2003 to 2006 were less 
likely to develop lipodystrophy than those starting cART from 2000 to 2002 (p < 
0.02). Lipodystrophy was quoted as reason for treatment change or stop for 4% of 
patients on cART in 2003, and for 1% of patients treated in 2006 (p for trend < 
0.001). In univariate and multivariate regression analysis, patients with weight gain of 
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> 5 kg were more likely to take lopinavir or atazanavir than patients without such 
weight gain (OR 2, 95% CI 1.3-2.9 and OR 1.7, 95% CI 1.3-2.1, respectively). 
Conclusions 
Lipodystrophy has became less frequent in the SHCS from 2000 to 2006. Weight 
gain of more than 5 kg was associated with use of atazanavir and lopinavir. 
 
N= 260 
 
Key Words: lipodystrophy, fat loss, fat accumulation, body weight, anti-retroviral 
therapy, NRTI, NNRTI, protease inhibitors, cohort studies, SHCS 
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Introduction :
Combination antiretroviral therapy (cART) against HIV infection has diminished AIDS-
related morbidity and mortality[1].  Suppression of viral replication to below the 
detection level has become a treatment goal that can be reached also for patients 
with triple class treatment failure.  
However, patients on cART often develop long term side effects, particularly the 
lipodystrophy syndrome (LD), a combination of fat atrophy (in the limbs, buttocks and 
face), visceral fat accumulation, with or without lipid and glucose metabolism 
disturbances [2-4]. The definition of “lipodystrophy” remains a challenge.  Proposals 
for a case definition have been done but necessitate DEXA and CT scans [3, 4, 6, 
11-12]; while invaluable for small-scale studies, they are not practical for routine use 
in patients.  Instead, larger cohorts and epidemiologic studies most often only rely on 
the subjective impression of patients and/or physicians [30].   
Lipodystrophy may decrease compliance with therapy due to esthetic reasons [5], but 
also may be associated with an increasing risk of cardiovascular diseases [5-6], 
insulin resistance [7-8], and diabetes [9-11].  
The etiology of LD in HIV infected patients is still unclear [3, 4, 6, 11-12]. 
Lipodystrophy was initially attributed to prolonged therapy with protease inhibitors 
(PI) [14-16], but all current drug classes have been involved [17-19]. 
Lipoatrophy is related to the mitochondrial toxicity of nucleoside reverse transcriptase 
inhibitors (NRTIs) whose action is not limited to inhibition of reverse transcription, but 
extends to mitochondrial DNA polymerase γ, the main enzyme involved in replication 
of mitochondrial DNA.  Inhibition of this enzyme is associated with abnormal 
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mitochondrial morphology and may induce apoptosis of adipocytes and lipoatrophy 
[20-21]. In contrast, the pathogenesis of fat accumulation is unsettled.  Proposed 
mechanisms abound: HAART may impact on cytokines and cytokine receptors [22], 
appetite regulators [23], as well as on the differentiation and functions of the 
adipocytes [20-21, 24] and growth hormone metabolism [25-26].  Another theory 
holds that abdominal and visceral fat accumulation is a consequence of lipoatrophy, 
because the atrophic fatty tissues are unable to take up fat from the plasma [4]. Of 
note, a pure phenotype of fat atrophy or fat accumulation is only seen in 10% of 
patients. The paradox that central fat increase while subcutaneous fat decrease can 
be explained by the difference between visceral (mainly comprising brown 
adipocytes) and subcutaneous fat (including mainly white adipocytes): thus exposure 
to antiretrovirals may affect differently subcutaneous adipose tissue as compared to 
visceral adipose tissue [27]. Because HAART entails the combined use of several 
drugs, it has been difficult to link the various manifestations of lipodystrophy to a 
particular molecule. Cross sectional and prospective studies demonstrated that 
stavudine was the drug most frequently associated with fat atrophy [28-29]. Other 
risks factors include race, age, HIV disease severity for fat atrophy, and race, sex, 
sedentary life style for fat accumulation [4].  
The present paper attempts to analyze these data in relation to the type of cART 
administered.  It focuses on the period of 2003 to 2006, coincident with the 
introduction of atazanavir and the introduction of new NRTIs. 
 
 
 20
Patients and Methods: 
The SHCS is a nationwide prospective study based on voluntary participation of 
persons infected with HIV-1. The rationale, organization and baseline characteristics 
of the study have been described elsewhere in detail [37], and a continuously 
updated description can be found in the Swiss HIV Cohort Website [39]. 
Lipodystrophy is coded based on the subjective impression of the treating physician 
as “fat accumulation” or “fat loss”, and is routinely recorded 6-monthly in the SHCS 
database.  More objective measurements, such as DEXA scans or CT scans, were 
not available for this study.    
Incidence of lipodystrophy in patients starting cART 
All study participants who had previously been anti-retroviral-naive, but who started 
cARTs between between 1/1/2000, and 31/12/2006, were eligible.  The time to the 
occurrence of "fat loss" or "fat accumulation", or a treatment change because of 
lipodystrophy noted at one of the 6-monthly cohort visits, was measured according to 
Kaplan-Meier.  Two groups were compared with the log-rank test:  patients starting 
cART between 2000 to 2002 and patients starting cART between 2003 to 2006.  
Prevalence of Weight Changes, Fat Loss, and Fat Accumulation in Patients on 
cART 
To establish how frequently antiretroviral treatment was changed because of “fat 
loss” or “fat accumulation”, we included all patients on cART with at least one follow- 
up between 2003 and 2006.  The number of patients on cART with a stop or change 
of treatment because of “fat loss” or “fat accumulation”, were counted and related to 
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the total number of patients on cART during the same year, considering only the first 
change or stop of the year in progress. P-trend analysis for prevalence of stop or 
change in general, and prevalence for stop or change in particular because of “fat 
loss or fat accumulation”, was performed. 
Analysis of factors associated with weight gain, weight loss, fat loss and fat 
accumulation.  
In order to analyse factors associated with gain of weight, patients who gained >= 5 
kg between two consecutive visits, were compared to patients who did not have such 
gain of weight. In order to exclude from consideration the weight gain corresponding 
to correction of AIDS-related cachexia, we included in this analysis only patients with 
a baseline BMI above 20 (for men) and above 18 (for women).   
Factors associated with weight gain >=5kg between the 2 first follow-up cohort visits 
between 2003 to 2006 were examined using univariate analysis followed by 
multivariate logistic regression. Gender, ethnic origin, diabetes status based on 
guidelines of the American Diabetes Association (ADA) [38], smoking status and 
cARTs (current exposure, i.e. cARTs taken during the period when weight changed 
or fat loss/accumulation occurred) were entered as categorical variables; for age, 
BMI, CD4 cells, RNA viral load, plasma cholesterol (mmol/L), and triglyceride 
(mmol/L) quartiles were compared (see table 1). Baseline was defined as the first 
visit of the two first follow-up cohort visit between 2003 to 2006. 
The multivariate model was constructed using the forward stepwise approach, 
including covariates that remained significant at the 0.1 level in univariate analysis. 
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We repeated the analysis for factors associated with weight loss, fat accumulation 
and fat loss.  
Analyses were performed using SPSS version 11.0 [SPSS 11.0 for Windows 
statistical software package (SPSS Inc., Chicago, IL, USA)]. 
 
Results: 
Use of antiretroviral drugs in SHCS, 2003 to 2006 
In each year from 2000 to 2006, between 5203 and 6016 patients had a follow-up 
visit in the SHCS. Figure 1 shows the proportion of patients treated with the 10 most 
frequently used drugs, plus stavudine.  Between 2003 and 2006, use of zidovudine 
(AZT), lamivudine (3TC) didanosine (DDI) and stavudine (D4T) declined, use of 
lopinavir (LPV), abacavir (ABC), efavirenz (EFV) and nevirapine (NVP) remained 
stable, whereas use of atazanavir (ATV), emtricitabine (ETC) and tenofovir (TDF) 
increased by 18.7%, 8.2% and 22.2% respectively.  
Incidence of Lipodystrophy in treatment naive patients  
Figure 2 shows the likelihood of occurrence of lipodystrophy of patients who were 
cART-naïve, and started treatment between 2000 and 2006. Patients starting 
treatment in 2003 to 2006 were significantly less likely to experience LD than those 
starting between 2000 and 2002 (Log Rank=0.02). From 2000 to 2002, most patients 
were started on lamivudine (96.9%), zidovudine (88.5%), stavudine (4.2%), tenofovir 
(0.8%), efavirenz (38.1%), nelfinavir (28.8%), and lopinavir (13.8).  From 2003 to 
2006, the corresponding percentages were lamivudine (83.7%), emtricitabine 
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(10.8%),  zidovudine (64.2%), stavudine (0.7%), tenofovir (30.5%), efavirenz (41.8%), 
nelfinavir (3.8%), lopinavir (38.5%), and atazanavir (7.5%). Overall, the proportion of 
patients initiating cART with either atazanavir, lopinavir/r or tenofovir  was higher in 
the 2003-2006 period as compared with the 2000-2002 period.  
Treatment changes due to lipodystrophy 
5777 patients were followed in the SHCS in 2003, and 6016 during 2006. Baseline 
characteristics are summarized in table 1: thirty-two percent were female, with a 
median age of 42.5 years (interquartile range [IQR] 37.5-48.5). The number of 
patients treated with cARTs was 5269 (91.2 %) in 2003 and 5530 (91.9%) in 2006.  
In 2003, 44% underwent a change or stop of treatment, while in 2006 the proportion 
decreased to 17% (p < 0.001).  Lipodystrophy was quoted as reason for treatment 
change or stop for 4% of patients on cARTs in 2003, but for only 1% of patients 
treated in 2006 (p for trend < 0.001).  
10.4% of patients were diagnosed with only fat loss and 12.3% only fat accumulation. 
Overall 33.9% had a diagnosis of either fat loss and fat accumulation or fat loss or fat 
accumulation. 
We explore the proportion of patients who had a “fat loss” or a “fat accumulation” 
diagnosis before our baseline. 90.4% of abacavir treated patients diagnosed with “fat 
accumulation” and 93.4% of those diagnosed with fat loss had already this diagnosis 
since 2 years.  For zidovudine treated patients, we observed similar results (83.1% 
for “fat accumulation” and 86.4% for “fat loss”.  
Factors involved in weight changes and fat redistribution (see table 2-3) 
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Weight changes 
a) weight gain of > 5 kg 
The mean BMI of our population was 23.7 kg/m2. In 2003, among patients with 
eligible BMIs (> 18 kg/m2), 494 (7.03%) of patients experienced a rapid gain of 
weight of > 5 kg within a 6 months period, as compared to 491(6.49%) in 2004, 517 
(6.57%) in 2005, and 222 (5.51%) in 2006 (p:NS). 
Diabetes (OR 3.4, P<0.01), log RNA viral load >=4.3 (OR 2.1, P<0.001), atazanavir 
(OR 1.7, P<0.001) and lopinavir/r (OR 2.4, P<0.001) use, as well as BMI <25 and 
>30 (OR 1.5, P<0.001), were associated with a 5kg weight gain (table 2). Age above 
37 years, a CD4 count >300 cells/mm3, a plasma cholesterol value (>=5 mmol/L) 
and the use of abacavir (OR 0.7, P<0.01) were associated with a lower probability of 
weight gain. In multivariate analysis, atazanavir (OR 2, P=0.001) and lopinavir/r (OR 
1.7, P<0.001) were associated with weight gain. High CD4 count was a protective 
factor for weight gain (OR 0.6, P<0.001) was associated with a lower probability of 
weight gain (see table 3).  Patients who gained >5kg had a mean BMI of 25.4 (after 
weight gain), compared to 23.6 in patients who gained <5kg (table 3).  
b) Weight loss of > 5 kg 
A CD4 count >300 cells/mm3 (OR 0.7, P<0.03), cholesterol value >=5 mmol/L (OR 
0.7, P<0.1), efavirenz use (OR 0.7, P<0.03) were associated with a lower probability 
of weight loss >=5kg, while smoking (OR 1.5, P<0.001), plasma HIV RNA >= Log 4.3 
(OR 1.4, P<0.02), low trigylceride values< 1.75 mmol/L (OR 1.3, P<0.1) were 
associated with loss of weight (table 2). In multivariate analysis, female gender (OR 
1.3, P=0.04) and smoking (OR1.5, P<0.001) were associated with increased risk of 
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weight loss, while a high CD4 count (>300 cells/mm3 (OR 0.7, P=0.003) was 
protective for weight loss (table 3). 
Fat distribution 
a) Fat accumulation (lipohypertrophy) 
Older age (OR 3, P<0.001), white ethnic origin (OR 1.3, P<0.01), diabetes (OR 3.2, 
P<0.01), CD4 count >300 cells/mm3 (OR 1.5, P<0.001), high cholesterol values >5 
mmol/L (OR 1.3, P<0.01), higher triglyceride values >=1.75 mmol/L (OR 1.7, 
P<0.001), abacavir (OR 1.5, P<0.001), indinavir (OR 1.9, P<0.001), nelfinavir (OR 
1.7, P<0.001) and efavirenz use (OR 1.4, P=0.001) were associated with the 
presence of fat accumulation.  Smoking (OR 0.7, P<0.001), high RNA viral load 
>=4.3 logs (OR 0.5, P<0.001), zidovudine use (OR 0.8, P<0.02) were associated with 
less report of fat accumulation (table 2). In multivariate analysis, older age (OR 3.2 
P<0.001), black ethnic origin (OR1.7 P<0.001), high CD4 count (OR 1.3, P<0.02) and 
nelfinavir use (OR 1.4, P=0.001) predicted the presence of lipohypertrophy. Being a 
smoker (OR 0.8, P=0.02), having a high RNA viral load (> 4.3 logs/ml, P<0.001) or 
being on zidovudine (OR 0.8, P=0.001) were associated with less fat accumulation 
(table 3). 
a) Fat loss (lipoatrophy) 
Older age (OR 4.2, P<0.001), higher CD4 count (OR 1.9, P<0.001), higher 
cholesterol value (OR 2.1, P<0.001), higher triglyceride value (OR 3.9, P<0.001), 
abacavir use (OR 1.8, P<0.001), atazanavir (OR 1.2, P<0.03), nelfinavir (OR 1.4, 
P<0.01), efavirenz use (OR 1.3, P<0.01) were associated with more lipoatrophy. BMI 
>25 and <30 (OR 0.8, P<0.002), black ethnicity (OR 0.3, P<0.001 and OR 0.5, 
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P<0.01 respectively), higher Log RNA viral load >=4.3(OR 0.4, P<0.001), zidovudine 
(OR 0.5, P<0.001), lopinavir use (OR 0.7, P<0.04) was associated with less atrophy 
(table 2). Finally, multivariate analysis showed the lipoatrophy was associated with 
female gender (OR 1.3, P=0.009), older age (OR 2.5, P<0.001) high CD4 count (OR 
1.8, P<0.001) and abacavir use (OR 1.35, P<0.001). Absence of fat loss was 
associated with black ethnic origin (OR 0.5, P>0.001), high RNA viral load (OR 0.6, 
P<0.001) and use of zidovudine (OR 0.4, P<0.001) (table 3). 
Discussion:  
In this study investigating more than 5500 patients within a large prospective cohort 
we found that lipodystrophy has become less frequent after 2003.  
Lipodystrophy was discovered in the late 1990s when the most frequently used drugs 
were stavudine and indinavir.  By 2006, neither was among the 10 most used ARV in 
Switzerland.  While the use of the use of thymidine analogues was almost universal 
in initial treatment in 2000, stavudine is no longer recommended in the guidelines for 
treatment initiation [31] and had nearly disappeared by 2006 whereas zidovudine 
tends to be replaced by tenofovir. Randomized prospective studies show that 
lipoatrophy develops less frequently on tenofovir than on stavudine [32]. Randomized 
studies represent a particular situation and their results are not always reproduced by 
clinical practice.  However, in this instance, we found that the probability of 
developing lipodystrophy decreased, when patients who started treatment in 2000-
2002 period, were compared to those who started treatment later, while the pattern of 
drug prescription significantly changed.  In addition, in an analysis of all patients (not 
just the newly treated), the number of visits resulting in a change of treatment 
because of lipodystrophy steadily decreased from 2003 to 2006.  This indicates that 
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in the SHCS, the prevalence of lipodystrophy serious enough to warrant a change of 
treatment is decreasing. 
DEXA scans of patients taking standard NRTI-based cART show an early increase of 
limb fat before a steady and progressive limb fat loss from 3 months onwards [33].  
What will happen when thymidine analogues are no longer used?  One may 
speculate that the atrophic effect on fat tissue will disappear, but that the influence of 
the other constituents of cART on fat will persist.  For instance, if PIs contribute to fat 
accumulation, their unopposed actions might lead to gain of weight.  
Our results lend some support to this hyposthesis, because substantial weight gain 
(>5 kg within 6 months) was indeed associated with the use of the protease inhibitors 
lopinavir and atazanavir. By restricting our analysis to patients with a BMI > 20 in 
men, and > 18 in women, we attempted to exclude patients where AIDS-related 
cachexia was corrected through HAART.  Nonetheless, it is still unclear whether the 
weight gain represents an undesirable side effect, or rather the return to desirable 
normalcy.  As expected, the average BMI in weight gainers (25.4) was higher than 
the average BMI of other patients, but is still lower than the average BMI of American 
patients [34]. 
Cohort studies have inherent advantages (for instance, long follow-up and large size) 
but also disadvantages. Lack of randomisation and masking favour bias and 
confounding.   
Among other well known risks factors for lipoatrophy (older age, low CD4 and high 
HIVRNA), we showed that abacavir was associated in both univariate and 
multivariate analysis to a diagnosis of LA. This was puzzling because randomised 
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trials have demonstrated that patients randomized to abacavir had greater recovery 
of limb fat mass compared with those remaining on thymidine analogues [35]. 
Examination of individual case records in the SHCS reveals that many abacavir 
treated patients had previously been diagnosed with lipoatrophy, leading to 
replacement of zidovudine or stavudine in patients with atrophy [35-36] by abacavir;  
as atrophy persists for years, so does the association with abacavir.  In the context of 
this observational cohort, association does not equal causation. 
Other study limitations include the lack of objective measures for fat loss and fat 
redistribution. However, SHCS patients are treated by specialized physicians skilled 
in the detection and the management of LD. Diet or lifestyle variables are not 
routinely recorded in the database and may limit the ability to interpret weight 
changes. Moreover, the database doesn’t allow assessing the use of ritonavir as a 
booster in atazanavir treated patients.  
In our analysis we made no distinction between current and cumulative exposure to 
individual ART agent. However, we have demonstrated that LD was generally 
diagnosed long before the inclusion in our analysis in 2003.  
 We have scanned the medical literature, and conference abstracts to find other 
evidence of changing patterns and incidence of lipodystrophy, but without success.  
The preliminary data we report here should stimulate additional research on the 
prevalence of lipodystrophy, and weight changes in large cohorts.  It will be of 
particular interest to examine the impact of new drug classes, such as integrase or 
entry inhibitors on the long term fat redistribution and weight changes pattern. 
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Appendix: composition of SHCS cohort
The members of the Swiss HIV Cohort Study are M. Battegay, E. Bernasconi, J. Böni, H. 
Bucher, Ph. Bürgisser, A.Calmy, S. Cattacin, M. Cavassini, R. Dubs, M. Egger, L. Elzi, 
P. Erb, M. Fischer, M. Flepp, A. Fontana, P. Francioli, H. Furrer, M. Gorgievski, H. 
Günthard, H. Hirsch, B. Hirschel, I. Hösli, Ch. Kahlert, L. Kaiser, U. Karrer, C. Kind, Th. 
Klimkait, B. Ledergerber, G. Martinetti, B. Martinez, N. Müller, D. Nadal, M. Opravil, F. 
Paccaud, G. Pantaleo, M. Rickenbach, C. Rudin, P. Schmid, D. Schultze, J. Schüpbach, 
R. Speck, P. Taffé, P. Tarr, A. Telenti, A. Trkola, P. Vernazza, R. Weber, S. Yerly.  
 
Composition of the Geneva’s Hospital Cohort:  
Participating physicians:  
B.Hirschel, V.Schiffer, E.Boffi, S.Inoubli, A.Gayet, C.Morel-Boyce, S.Emonet, A.Calmy, 
A.Nguyen 
Database manager:  
A.Nguyen 
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Legends to Figures: 
 
Figure 1: Proportion of patients treated with frequently used 
antiretroviral drugs, 2003-2006 
Figure 2: probability of developing lipodystrophy since 2000, 
respectively for the group of naïve patients starting cArt between 
2000 to 2002 and 2003 to 2006
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 Table 1: Baseline characteristics of patients  
    
Population 
characteristics: 
demographic  
First interval of 
physician visit 
between 2003 to 2006 
(N=5427 patients) 
Population characteristics: 
laboratory variables 
First interval of 
physician visit between 
2003 to 2006 (N=5427 
patients) 
 [%]  [%] 
Female gender 32.2 CD4 [cells/mm3] :  
Age [years old]  2-301 32.7 
17-37 31.5 302-446 22.9 
38-42 26.3 447-628 21.9 
43-49 22.1 629-3010 21.7 
50-88 20.1 Log RNA viral :  
Ethnic origin  <1.6 55.0 
White 82.6 >=1.6 and <2.7 11.8 
Black 12.0 >=2.7 and < 4.3 12.9 
Hispano-american 2.0 >= 4.3 17.4 
Asia 3.0 Cholesterol [mmol/l]:  
Body mass index  >=1.2 and <4.3 26.8 
<25 70 >=4.3 and <5 19.9 
26-30 23 >=5 and <5.9 24.0 
>30 5 >=5.9 23.9 
  Triglycerides [mmol/l]:  
cART use:  >=0.2 and < 1.13 24.6 
Zidovudine 54.2 >= 1.13 and <1.75 23.6 
abacavir 24.3 >= 1.75 and < 2.8 23.3 
stavudine 14.3 >= 2.8 22.9 
didanosine 15.8   
Atazanavir 5 Current Smoker 46.7 
Lopinavir 22.4 Diabetes Mellitus 0.5 
Indinavir 3.7   
Nelfinavir 15.9 Fat loss without fat accumulation 10.4 
Efavirenz 30.2 Fat accumulation without fat loss 12.3 
Nevirapine 10 Fat loss and fat accumulation combined 
10.3 
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Table 2: Univariate analysis of factors associated with weight gain, weight 
loss and lipodystrophy 
characteristics Weight gain >=5kg Weight loss >=5kg Fat accumulation Fat loss 
 OR (95%CI) P-value 
OR 
(95%CI) P-value 
OR 
(95%CI) P-value 
OR 
(95%CI) P-value 
Female gender 1.1 0.50 1.3 0.17 1.3 0.001 0.71 0.001 
Age [years old]     
17-37 1.0    
38-42 0.7 0.002 0.7 0.03 1.4 0.001 2.4 0.001 
43-49 0.8 0.002 0.9 0.44 1.9 0.001 3.3 0.001 
50-88 0.8 0.10 0.8 0.09 3.0 0.001 4.2 0.001 
BMI     
<25 1.0    
26-30 1.5 0.001 0.8 0.80 1.0 0.50 0.8 0.002 
>30 1.0 0.80 0.2 0.70 1.0 0.70 0.9 0.50 
Ethnic origin     
White 1.0    
Black 1.1 0.48 1.1 0.37 1.3 0.01 0.3 0.001 
Hispano-american 1.0 0.99 0.8 0.63 1.0 0.90 0.7 0.16 
Asia 0.7 0.26 0.8 0.57 0.9 0.64 0.5 0.01 
Smoke 1.0 0.96 1.5 0.001 0.7 0.001 1.1 0.33 
Diabetes 3.4 0.01 2.2 0.15 3.2 0.01 1.2 0.68 
CD4 [cells/mm3] :     
2-301 1.0    
302-446 0.5 0.001 0.7 0.04 1.4 0.001 1.4 0.001 
447-628 0.5 0.001 0.6 0.001 1.6 0.001 1.6 0.001 
629-3010 0.4 0.001 0.6 0.002 1.6 0.001 1.9 0.001 
Log plasma HIV 
RNA :     
<1.6 1.0    
>=1.6 and <2.7 1.2 0.19 1.1 0.67 0.9 0.26 0.8 0.12 
>=2.7 and < 4.3 1.2 0.17 1.2 0.17 0.7 0.01 0.7 0.001 
>= 4.3 2.1 0.001 1.4 0.02 0.5 0.001 0.4 0.001 
Total Cholesterol 
[mmol/l]:     
>=1.2 and <4.3 1.0    
>=4.3 and <5 0.9 0.33 0.8 0.21 1.2 0.17 1.3 0.02 
>=5 and <5.9 0.7 0.02 0.8 0.04 1.3 0.01 1.4 0.001 
>=5.9 0.5 0.001 0.8 0.07 1.9 0.001 2.1 0.001 
Triglycerides 
[mmol/l]:     
>=0.2 and < 1.13 1.0    
>= 1.13 and <1.75 1.3 0.03 1.3 0.09 1.3 0.01 1.592 0.001 
>= 1.75 and < 2.8 1.0 0.78 1.3 0.09 1.7 0.001 2.109 0.001 
>= 2.8 0.9 0.52 1.0 0.89 2.4 0.001 3.842 0.001 
Drugs:     
Zidovudine 1.0 0.93 0.8 0.21 0.8 0.02 0.5 0.001 
abacavir 0.7 0.005 0.8 0.19 1.5 0.001 1.8 0.001 
stavudine 0.8 0.33 0.8 0.16 1.0 0.70 1.0 0.76 
didanosine 0.9 0.47 1.1 0.34 1.0 0.75 1.0 0.56 
Atazanavir 1.7 0.001 0.9 0.58 1.0 0.64 1.2 0.03 
Lopinavir 2.4 0.001 1.2 0.56 1.0 0.85 0.7 0.04 
Indinavir 0.7 0.29 1.0 0.89 1.9 0.001 1.2 0.45 
Nelfinavir 1.0 0.77 0.9 0.55 1.7 0.001 1.4 0.01 
Efavirenz 1.0 0.94 0.7 0.02 1.4 0.001 1.3 0.01 
Nevirapine 0.9 0.42 0.7 0.04 1.6 0.001 1.3 0.02 
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 Table 3: Multivariate analysis of factors associated wtih weight gain, 
weight  
loss and lipodystrophy (lipo-atrophy [fat loss] and lipo-hypertrophy [fat 
gain]) 
Characteristics Weight gain >=5kg 
Weight loss 
>=5kg Fat accumulation Fat loss 
 OR P value OR P value OR P value OR P value 
Drugs:         
Zidovudine     0.78 0.001 0.42 <0.001 
abacavir       1.35 <0.001 
stavudine         
didanosine         
Atazanavir 1.96 0.001       
Lopinavir 1.65 <0.001       
Indinavir         
Nelfinavir     1.35 0.001   
Efavirenz         
Nevirapine         
Female gender   1.25 0.045   1.26 0.009 
Age [years old]:         
17-37         
38-42     1.57 <0.001 1.90 <0.001 
43-49     2.24 <0.001 2.49 <0.001 
50-88     3.19 <0.001 3.12 <0.001 
Ethnic origin:         
White         
Black     1.74 <0.001 0.46 <0.001 
Hispano-american        
Asia      0.64 0.081 
Current Smoker   1.46 0.001 0.79 0.001   
Diabetes Mellitus          
CD4 [cells/mm3] :         
2-301         
302-446 0.58 <0.001 0.74 0.029 1.27 0.016 1.34 0.006 
447-628 0.61 0.001 0.64 0.003 1.36 0.02 1.53 <0.001 
629-3010 0.51 <0.001 0.65 0.003 1.45 <0.001 1.76 <0.001 
Log RNA viral :         
<1.6         
>=1.6 and <2.7         
>=2.7 and < 4.3     0.79 0.037 0.82 0.099 
>= 4.3     0.63 <0.001 0.58 <0.001 
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